Water was sampled from source water, the 3-in-1 syringe and the air rotor water line of dental unit water systems (DUWS) in general dental practice in Attica, Greece. A section of the water line supplying the 3-in-1 syringe was cut for biofilm analysis. High total viable counts, Mycobacterium spp. and Pseudomonas aeruginosa were detected in the samples. Back siphonage was evidenced by the presence of blood and the recovery of oral anaerobes from the samples. Legionella pneumophila was recovered from 16.1% of biofilm samples. All tested disinfectants reduced the total viable counts of the DUWS to , 100 CFU/mL.
Introduction
The water in dental unit water systems (DUWS) may originate from a variety of sources including potable tap water or mineral water. The water delivered from these devices has been shown to contain high numbers of bacteria (Blake, 1963; Williams et al., 1995b; Smith et al., 1999; Singh et al., 2003) . In the USA, the American Dental Association (ADA) and the Center for Disease Control and Prevention (CDC) have recommended a standard of 200 CFU/mL (equivalent to that required for dialysis water). The EU has yet to set an equivalent standard for DUWS. Nevertheless, the new EC Directive for the quality of potable water (98/83/EC) indicates that colony counts at 22 8C should not present an indicative change. However, once the water enters DUWS the number of bacteria can increase as a result of various factors including ambient temperature, stagnation and the presence of biofilms (Pankhurst et al.,1998) . Biofilms accumulating on the inner surface of the tubing are responsible for high levels of contamination on DUWS (Williams et al., 1995a) .
Opportunistic pathogens (such as Legionella pneumophila, Mycobacterium spp., Pseudomonas aeruginosa and Candida spp.) have been recovered from DUWS (Atlas et al., 1995) . Such pathogens may pose a risk especially to immunocompromised patients. Furthermore, the carriage of pathogens by asymptomatic patients has implications for cross-infections, as water-line and hand-piece anti-retraction valves can malfunction (Walker et al., 2004) . Pseudomonas aeruginosa has been transmitted to a patient through a dental practice (Pederson et al., 2002) . Failure of the 3-in-1 hand piece anti-retraction valve can cause further problems, even leading to the detection of blood in the water (Porter, 2002) . Exposure of dental personnel has been implied since dentists have a significantly higher antibody titre to L. pneumophila than other equivalent employment sectors (Atlas et al., 1995, Challacombe and Fernandes, 1995) . A wide range of disinfectants on the market promise to improve the quality of water in dental units and some of them have been evaluated (Walker et al., 2001) .
The aims of this study were: (1) to assess the microbiology of DUWS in general dental practices in Attica, Greece; and (2) to evaluate and compare the efficacy of a variety of products based on different classes of active compound which could then be proposed for use within DUWS in general dental practice in Greece.
Materials and methods
Water and biofilm samples were collected in the Athens and Piraeus area from 42 DUWS selected following analysis of questionnaires sent to a number of dentists. Four samples were taken from each surgery: (a) 3-in-1 syringe (S), (b) a section of the water-line tubing supplied to the 3-in-1 syringe for biofilm analysis (B), (c) air rotor water line (A) and (d) source water that was used for the DUWS (W). Water sampling was carried out using standard techniques. 3-in-1 syringe tubing surfaces were wiped with a sterile alcohol wipe and 5 cm of the tubing was cut off with sterilised scissors. The tubing section was placed in a bottle containing sufficient sterile water to cover the sample. Tubing was sectioned lengthwise to obtain a specimen of 1 cm 2 . The surfaces were rinsed in non-flowing sterile PBS to remove loosely adherent cells. Using a sterile dental probe, biofilm was scraped from the surface into 1 mL sterile PBS.
Viable counts (TVCs) were used as indicators of the water quality (ISO 6222) while oral anaerobes (Mitis-Salivarious agar) and the presence of blood in the water samples (Hemastix Reagent Strips, Bayer Diagnostics) were used as a marker of back siphonage from the mouth. Enteric bacteria (MacConkey agar), Candida albicans (APHA 9610C), P. aeruginosa (EN 12780), Mycobacterium spp. (Middlebrook agar) and L. pneumophila (ISO 11731) were selected as pathogens indicating faecal pollution or growth of a biofilm.
Three products, Alpron, BioBlue and Sanosil, were tested weekly for eight weeks in 20 DUWS in 14 general dental practices to test for the potential reduction of TVCs. Before the beginning of the testing period the mains water of each building was tested twice for TVCs for two successive weeks. The disinfectants were applied in line according to manufacturers' instructions. Disinfectant (250 mL) was applied throughout the system for 2 min just before closure in the evening. In the morning before the admission of the first patient of the day, the system was rinsed and the removal of disinfectant was confirmed either by observing the loss of colour from the out-flowing water or from a negative potassium iodide detection test (for hydrogen-peroxide based products). Samples were collected from the 3-in-1 syringe. Two biofilm samples were taken for the detection of L. pneumophila at the beginning and the end of the eight-week sampling period.
Results
According to the information collected from the dentists through a questionnaire, 94% of the practices are fed with mains water and 6% from bottled or tank water. The geometric mean TVCs in the source waters was 291 CFU/mL. No differences were observed between practices fed with mains or bottled/tank water. The higher geometric mean was calculated in the 3-in-1 syringe samples (800 CFU/mL). TVCs in the water samples ranged from 6,800 CFU/mL (air rotor) to 10 CFU/mL (Table 1) . The frequency of the detection of pathogens in the samples is shown in Table 2 . Mycobacterium spp., and P. aeruginosa were detected in a number of samples. Back siphonage was detected with the presence of blood (23.8% of S and 16.7% of A samples) and oral anaerobes (23.8% of S and 83.3% of A samples). Legionella pneumophila was recovered from 16.1% of biofilm samples. There was a strong association of the presence of Mycobacterium spp. with TVC/mL (logistic regression analysis, p ¼ 0.002) but there was no association between the TVC biofilm and the age or the length of DUWS tubing (Fisher's exact test, p ¼ 0.737 and p ¼ 0.879, respectively).
After eight weeks, all disinfectant treatments reduced the microbial counts of the DUWS from several hundred CFU/mL before treatment to , 100 CFU/mL ( Table 3 ). The reduction was more or less continuous from one week to the next. The order of effectiveness was Alpron . Sanosil . BioBlue. Figure 1 presents the microbiological results for the treatment of the DUWS with Alpron.
Discussion
This study involved the largest survey of GDPs to have been conducted in Greece. Unlike the indications of the current European Directive on the quality of drinking water, in this study a significant fluctuation in TVCs was observed in the source water (10-2,610 CFU/mL) and in the 3-in-1 syringe water-line (10-5,780 CFU/mL). TVC growth in the 3-in-1 syringe water-line was much stronger than in mains water with a mean value almost double that calculated in the mains water feeding the tested DUWS. The TVCs were much higher than the indicative value of the previous European Directive (100 CFU/mL) and the ADA indicative value (200 CFU/mL). Once the bacteria have gained access to the system, there appeared to be enough nutrients from the plastic tubing and the turnover of the bacteria themselves to support biofilm growth (Colbourne et al., 1984) . From the questionnaire sent to the dentists before the trial commenced, it emerges that 97% of surgeries had never carried out microbiological analysis of their water, indicating that they were not aware of the microbial load of their DUWS. Moreover, 95% of the dentists had no information regarding the European regulations on water quality or the ADA guidelines. A  478  116  86  54  41  35  20  11  Absent  B  464  276  202  146  109  68  40  16  12  C  606  429  170  92  81  49  35  14  5  D  280  175  393  377  277  112  163  151  81 The absence of enterobacteria in all samples showed that there was no faecal pollution in the source water. Mycobacteria were detected in 2.4% of 3-in-1 syringe and 7.1% of air rotor samples. These isolates were not identified to species level and, although their pathogenic potential is not known, several non-Mycobacterium tuberculosis and non-Mycobacterium avium species are associated with a variety of infections (Atlas et al., 1995) . Candida spp. (2.4% in air rotor samples) and presumptive oral anaerobes (88.8% of 3-in-1 syringe and 83.3% of the air rotor samples) were detected indicating a failure of the 3-in-1 anti-retraction valve and potential back siphonage of oral fluids. This was confirmed by the presence of blood in 23.8% of 3-in-1 syringe and 16.7% of air rotor samples, which suggested a potential risk for cross-infection incidents between patients. Oral anaerobes might be involved in the growth of biofilm; they multiply and can then be delivered in harmful counts to HIV or HBV carriers (Porter, 2002) . The recovery of P. aeruginosa in the dental practice tubing, but not in the source water, confirmed the contribution of the biofilm to the presence of pathogens. Moreover, according to the questionnaire results, 17% of the tested practices have no anti-retraction valves installed and 42% of the dentists did not know whether their system was equipped with such a device. Many dentists did not seem to realise the risk of transmitting pathogens from one patient to another as only 42% seemed to change the tip of the 3-in-1 syringe and only 54% flushed the system between patients.
The presence of L. pneumophila in the biofilm (16.1% of the samples) suggested the potential of transmission during the dental practice. Among the practices that recovered L. pneumophila was one specialising in child dental care. The risk of transmission is higher in children than adults. Legionnaires' disease at a dental practice may also be transmitted to the dentist if special protective action is not taken. A number of studies have indicated that dentists have higher rates of respiratory infections than the general public, and that in some cases, 25% of dental units have been reported positive for L. pneumophila (Atlas et al., 1995; Challacombe and Fernandes, 1995) .
Extra water disinfection has proved very efficient in reducing TVCs in the water-lines in GDPs. The application of the disinfectants was simple and it only required the installation of an extra bottle in the unit. All disinfectants tested, irrespective of the active compound, proved effective in reducing the TVCs to the levels recommended by ADA as well as keeping the counts consistently low. Although 92% of the dentists never disinfected or treated in any way the water in their practices, once informed through their participation in the trial, 95% were very interested in extra disinfection and have sought to apply it at their practices. Nevertheless, the age of the system and the length of the tubing may have treatment implications as older or more complex systems may have established biofilm and thus would be more difficult to treat. Responses to the questionnaire sent to the dentists before the beginning of the trial indicated that 32% of the tested practices were 1 -5 years old, 32% 5 -10 years and 34% . 10 years old. Sixty two per cent of the tubing was 1-6 m long and 33% 6-11m long.
There were concerns over patient and staff health issues arising from prolonged occupational exposure to the disinfectant products. In the event that a GDP used disinfectants this procedure should be monitored as part of the occupational health programme of the practice. This programme should include a record of the product use, type, volume, contact-time period, time and date of application, and who carried out the application of the product.
